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源有较大的改变— — 80 年代以前陆源维管植物以 C3、C4 混合来源为主，90 年代




































We examined the elemental, stable carbon isotopic and neutral sugar 
composition of phytoplankton and suspended particulate matter (SPM), 
surface sediments and sediment cores. Samples were taken in November 2002 
from 10 stations along a salinity gradient and 3 sediment core sites 
representative of riverine endmember (Humen outlet), marine endmember (a 
shelf station) and a site close to a highly urbanized region (Shenzhen Bay). 
 
Results of carbon isotopic and neutral polysaccharides composition in 
phytoplanktonic, SPM and surface sediment reveal that fresh water influences 
organic material as far as 70 km away from Humen outlet (Station 28) during 
the low flow season while for the whole year it could reach the area 100 km 
away. Phytoplanktonic organic matter has a major origin of in situ 
photosynthetic production. The different neutral sugar compositions in 
phytoplankton may result from the difference in phytoplankton community 
structure. In the dry season, SPM in the estuary mostly comes from terrestrial 
organic matter, marine organic matter and riverine inputs rather than from 
phytoplankton in situ production, whereas SPM on the shelf are characterized 
by phytoplankton in situ production and zooplankton detritus, rather than 
riverine input. Surface sediments in the estuary mainly are reflective of 
terrestrial inputs, riverine inputs, phytoplankton in situ production, and to a 
lesser extent of marine organic matter. There appears that the four outlets of 
the Pearl River released a large amount of vascular plants and there are 
obvious source of terrestrial plants around Dahao Island these years. While on 
the shelf, surface sediments are mainly from in situ phytoplankton production 













sediment in Station 6 appears to have the most active microbial activity for 
organic matter decomposition.  
 
Based upon sediment core results, we are able to examine the temporal 
variations of sedimentary OM in terms of its source and transformation.  
 
At the Humen outlet, both riverine organic matter (OMs) and 
phytoplankton-derived OMs contribute much to the sedimentary OMs. And it 
is noteworthy that this site may have experienced different discharges of 
organic matter in terms of their sources especially during 1980’s to 1990’s. 
Before 1980’s, the mixture sources of C3 and C4 were dominated the 
sedimentary OMs at Humen outlet, while C3 took place after 1990’s. The 
sedimentary OMs on the shelf are characteristic of the OMs from 
phytoplankton productivity and zooplankton detritus. Even though there 
might be decomposition in water column, the relatively fresh OMs in 
sediment core here reflect the inactive microbe alternation in the sediment. 
Mixed sources of terrestrial OMs and marine OMs is the character of 
sedimentary OMs in Shenzhen Bay. Higher C/N ratios were observed as 
compared to the other two sites as well as to the water column POM， 
reflecting significant N decomposition during the OMs deposition, likely due 
to a selective degradation mediated by microbial activities, rather than 
fractionating carbon isotope. Referring to the sedimentation rate, the microbial 
alternation was becoming active from the end of 1970’s and increased with 

























（Waksman, 1993; Bader, 1956; Handa, 1977; Deuser, 1988）,它是理解全球
海洋碳循环的关键之一（Benner, 1989）, 也是理解人类活动对碳循环影响
的关键之一（Siegenthaler and Sarmiento，1993）。陆源有机物代表着输入
海洋环境的可降解有机碳的巨大来源（约 0.4×1015Gt/a, Schlesinger and 
Melack, 1981)；其中，大量的溶解有机碳（DOC）支持着海洋的 DOC 循
环(Williams and Druffel, 1987)，而大量的颗粒有机碳（POC）则提供了埋
藏在沉积物中的碳源（Benner, 1989; Hedges and Keil, 1995）。令人困扰的
是，全球海洋沉积物中有机碳的埋藏量仅有 0.1-0.2 Gt/a，其中 90%保存在
近岸的沉积物中（Hedges and Keil, 1995）。其余 50-75%的陆源有机物则在
包括流域在内的生物地球化学过程中进行循环（Meybeck, 1982; Thurman, 




































图 1-1 河口及近岸地区有机物来源及其迁移转化略图(数据来源 Hedges et al., 1997; 
1Gt=1015g) 






1985; Degens et al., 1991）。可见，要认识河口有机碳循环，就必须考虑到
河口内有机物的来源、迁移转化及其归宿。 
河口中有机物的一个主要来源就是陆地有机物。陆地有机物的储库主
要有陆地高等生物（570 Gt C）（Gt=1×1015 g），植物 (70 Gt 碳; Post, 1993)





































1980; Goni and Hedges, 1990a），那么上面所说的陆地有机物中有 250 Gt
碳存在于纤维素中，175 Gt 碳存在于木质素碳中，15Gt 碳在半纤维素和
其他多糖中，5-10 Gt 碳在蛋白质、脂类和角质中。而海洋中则以 DOC
（700Gt C）和海洋沉积物上层的有机物为主要可降解的碳储库（Emerson 
and Hedges, 1988）。总体上说，可循环的有机碳有 2/3 在陆地上。 
进入河口的陆地有机物主要的来源是维管植物，这些维管植物最终限
定在陆地上，具有难降解的特征，大部分为含氮少的生物大分子, 典型的
例子有木质素、丹宁酸、软木脂和角质（de leeuw and Largeau, 1993)。这
些陆地高级植物具有不同的 C/N 和稳定同位素组成（Fry and Sherr, 1984）,
并产生不同化学组成的多糖(Simoneit, 1977; Peltzer and Gagosian, 1989)，
这些多糖可用来作为指示陆源有机物的生物标志物（Hedges, 1990; Prahl et 
al, 1994）。尽管陆源有机物的输入量大，不易被微生物降解，且具有多种
化学成分可充当生物标志物（如糖类、酯类、氨基酸等），但是在海水和




输了 0.4Gt 有机碳到海洋中（Schlesinger and Melack, 1981）， 这个量相当
于陆地生态系统中光合作用产物的 1%（Siegenthaler and Sarmiento, 1993）。
河流输送的有机物约有 60%来自于森林植被，其中，热带雨林输出量为
0.12 Gt/a；而温带和高纬度的森林各提供 0.6 Gt yr-1 有机碳(Schlesinger and 
Melack, 1981)。其余河流输送的有机物来自于耕地（∼15%），湿地（∼15%），
草地（∼5%）苔原和沙漠（小于 5%）。许多河流自生的有机物来自于土壤 
(Meybeck, 1982; Hedges et al, 1986a,b)，且极易降解（Ittekkot, 1988; Hedges 
















合作用产生 50 Gt yr-1 有机碳(Siegenthaler and Sarmlento, 1993)，这些产物






在河口及近岸地区各种来源的有机碳中，每年有 0.1-0.2 Gt 的有机碳




的海洋初级生产和 50%陆源有机物被完全矿化（氧化成 CO2、H2O 和营养
盐）。事实上，应用同位素和生物标志物的研究表明，陆源有机物的损失
超过 50%，因为保存在海洋沉积物中有机物并非完全来自陆源（Benner et 
al., 1992; Opsahl and Benner, 1997; Emerson et al., 1987）。并且这些沉降的





















（Hedges, 1990; Prahl et al., 1994）。 
 






于或接近 10 的代表单细胞有机物，如浮游植物、细菌；在 20-100 之间则
为典型的维管植物（Redfield et al., 1963）。浮游植物的细胞壁的 C/N 为 8.8




机 N 则会优先得到降解因而使 C 得到相对富集，这使得有机物的特征 C/N






















Hatch-Slack，或 C4。C3 植物将 CO2 转化为 3 个碳原子的磷酸甘油酸酯，
而 C4 植物则把CO2 固定为 4 个碳原子的二羧基酸。C3、C4 植物的光合作
用对 C 同位素分馏作用不同，这导致了 C4 植物的 d13C 比较高，在-17‰ ~ 
-9‰ 之间，平均值为-13‰ ；C3 植物的 d13C 比较低，在-32‰ ~ -20‰ 之间，
平均值为-27‰ 。大多数的陆地植物（包括树木）以 C3 路径固碳。与此同
时，由于有机碳的代谢分馏比较小（<1‰ ）, 因此可以用碳同位素来标记





（-13‰~-29‰ ）(Farquhar et al., 1989; Descolas-Gros and Fontugne, 1990）。 
大洋浮游生物利用溶解CO2（~1‰ ）进行光合作用，因此d13C为-22‰























et al., 1986）。碳同位素分馏存在于食物链的传递（Gearing et al., 1984; 
Peterson et al., 1985; Coffin et al., 1989）、有机物的降解（(Brown et al., 1972; 
Fry and Sherr 1984; Cai et al., 1988; Thornton and McManus, 1994）以及颗
粒物的絮凝和解聚（Mayer et al., 1985; Fichez et al., 1989; Wada et al., 1987; 




图 1-2 全球碳循环及其稳定碳同位素组成的转变。d13C 数值表示在括号中。粗线条
代表生物圈中较快的循环。双方向箭头表示由于同位素的交换而导致的同位素平衡。
引自 Garlick （1975）。 
Figure 1-2 Global stable carbon isotope cycling. Schematic depiction of the oxidized and 
reduced carbon cycles and their isotopic interactions. d13C values in parentheses. Heavy 
circles denote rapid cycling in the biosphere. Two way arrows indicate isotopic exchange 
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